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[SYMPOSIUM]
FUTURE ECONOMICS RESEARCH ON WESTERN
WATER RESOURCES-WITH PARTICULAR
REFERENCE TO CALIFORNIA*
G. S. TOLLEYt
I
OVERALL CONSIDERATIONS
J. The Appropriateness of Reconsidering the Research Task
Knowledge needed for further development of California's water
resources is good, though not yet adequate. Approval of the Cali-
fornia Water Plan' to transport water under a state project implied
a need to reconsider research efforts. The plan brings a new kind
of parallelism because both federal and state government now
build and operate water facilities. There are new problems of
achieving consistency and a fruitful division of responsibility. At-
tention can be given to how best to use the breathing period that
has been provided to plan for the next major increment to supplies.
Assuming that Feather River water can meet southern California's
demands until 1990, and that construction of facilities for the next
major increments will require fifteen years, less than fifteen years
remain in which to plan.
But decisions must be made; a longer time for research to emerge
with results will find fewer decisions remaining to be made. Contracts
continue to be written affecting the allocation of water, pricing
water in ways that may be followed for a long time and setting
precedents in the nonprice provisions of contracts. The water de-
cision-making environment is changing and relations between or-
0 S.V. Ciriacy-Wantrup, W. A. Hall, and G. Brown of the University of California
and B. R. Eddleman of North Carolina State University gave helpful counsel. An
earlier version was prepared as a background paper for the Lake Tahoe Conference in
October, 1963, which was concerned with social science research and training related
to water resources.
The more fundamental research desribed is applicable to all western states. Most
of the applied studies suggested pertain to California, but the approach to designing
applied studies for other states in the non-humid West would be similar.
tProfessor of Economics, North Carolina State University, Raleigh.
1. Cal. Dep't of Water Resources, The California State Water Project in 1963
(Bull. No. 132-63, 1963).
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ganized groups are becoming more important. As future plans con-
tinue to take form, there will ever be a need to refocus research
away from what has become definite toward what remains indefinite.
Recent court decisions include the 1963 decision of the United
States Supreme Court regarding the division of Colorado River
water between California and Arizona.2 The regional plan for the
Southwest, proposed by the Department of the Interior following
this decision, illustrates the way events change alternatives needing
evaluation. One hears of proposals for even larger inter-regional
transfers of water.3
B. A Proposed Strategy
In considering how economics research can contribute to water
resource planning, one thinks immediately of the dollar sign. A first
reason for concern with dollar effects is that funds must be obtained
to make water resource investments, and at least part of the funds
must be repaid. Predicting dollar costs and returns is necessary to
indicate what is possible. Second, because water is of particular con-
cern if it is scarce, economics research helps in planning how water
can most effectively contribute to the production of goods and
services. Third, economics research aids understanding of incentives
when there are goals other than national income, such as conflicting
interests of water users.
Some goals of water resource investments are not reflected in
dollar costs and returns. Recreation affords examples. Because
economics is concerned with the logic of choice, it can help in arriv-
ing at consistent decisions even when specification of goals remains
in doubt.
Economics provides organizing concepts, but it provides relatively
few facts needed for water resources decisions. The implication is
that economics research should be planned in relation to physical
sciences and to related social sciences. One element of the strategy
of research underlying this paper concerns how efforts in economics
should be integrated with other fields. Some studies that will be
discussed would involve almost solely traditional economics; several
would combine economics with engineering and physical science;
2. Arizona v. California, 373 U.S. 546 (1963).
3. North American Water and Power Alliance, Water and Power Plan (Parsons
Co. 1964) ; U.S. Bureau of Reclamation, United Western Investigation, Interim Report
on Reconnaissance (Rep. No. UWI-2, 1951).
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and others would combine economics with law, political science, and
other social sciences.
The other main element of the research strategy concerns prob-
lem focus. Simultaneously, there should be (1) fundamental back-
ground analyses applicable to a variety of problems, and (2)
analyses of specific problems.
There are thus six boxes: economics alone; economics combined
with disciplines going toward the physical sciences; economics com-
bined with disciplines going toward the other social sciences; and
for all the foregoing, background analyses and analyses of specific
problems. The ensuing discussion will attempt to fill in these boxes,
though it is recognized that fruitful planning of research requires
more than classification. Research techniques available and needs
for various kinds of results influence how the boxes are filled in.
II
WATER DEMAND AND SUPPLY: QUALITY AND QUANTITY
A. The Future of California Economy and Its Parts
In formulating projects and in trying to foresee future pressures
on water supplies and possible conflicts, studies of the state economy
as a whole are needed for comprehensive planning. Subregions and
localities within the state deserve attention because their growth
leads to shifts in the demand for water and for other outputs of
projects.
Need for the studies is increased by the state government becom-
ing active in responsibility for projects. Agencies concerned with
action can seldom devote much time to such fundamental back-
ground research, but they need to draw on the results in project
planning. Therefore, the studies appear appropriate for university
effort.
There is considerable university activity centered around develop-
ing new approaches in regional economics. Some studies related to
water-using industries have already been completed.4 There should
be cooperative studies between those interested in water and those
4. E. Lofting & P. McGauhey, Economic Evaluation of Water Part III, An Inter-
industry Analysis of California Water Economy (Sanitary Eng. Research Lab. and
School of Public Health, Univ. of Calif. 1963) ; W. Martin & H. Carter, A California
Interindustry Analysis Emphasizing Agriculture-Part I: The Input-Output Models
and Results (Rep. No. 250, Giannini Foundation of Agricultural Economics Research
1962) ; N. Wollman, The Value of Water in Alternative Uses (Univ. of N.M. 1963).
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interested in water and regional economics. Cooperative studies
would ensure attention to water-using activities in regional studies.
1. Refining Input-Output
Given the growth impetus from the output of its basic industries,
input-output models can be used to predict the resulting changes in
all the region's industries. To evaluate results from these models,
there is need for sensitivity analysis in exploring effects of varia-
tions in underlying assumptions. These assumptions include num-
erical specification of the coefficients that show the proportion in
which the industries buy and sell from each other, and the growth
conditions imposed on the regional economy. Most scientific en-
deavor entails placing a range of confidence on results. This is
needed for input-output studies because large matrices are usually
inverted, making it difficult to get a common-seiise feel for the
answers.
There needs to be systematic experimentation with the degree of
aggregation and the other factors affecting complexity of models.
Some input-output models that subdivide the economy into only a
few industries give results similar to those that have a very detailed
industrial breakdown. For local economies, many industries are for
practical purposes producing entirely for export from the locale.
In many cases, most of the output of one industry goes into one or
a few other industries. Taking advantage of these characteristics to
judiciously simplify models can reduce sources of large matrix
size permitting greater attention to detail where most needed.
2. Location Analysis
To supplement input-output, causal analysis of factors influencing
the exogenous, or given growth impetuses, is needed. By far the
most common basis of projection is that of extending past time
trends into the future. At the least, there needs to be consideration
of why these trends may accelerate or decelerate.
California's growth-generating industries include most of its
manufacturing, non-manufacturing activities related to defense and
space, and agriculture. These account for perhaps half of the total
employment. Expansion of remaining activities will depend largely
on what happens in the growth-generating industries. For the lat-
ter, analysis is needed of their national growth and of what deter-
mines the share of a regional economy in the growth. Production
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function analysis that allows for locational variations in costs may
be helpful. From the analysis can emerge ranges on future activity
in these industries-the ranges reflecting as much as can be reliably
foreseen in view of inevitable uncertainties.
One of the main reasons for being concerned with future economic
activity is that it influences population, a major shifter of the de-
mand for water. Other determinants of population in an area need
attention, including the influence of age structure on migration and
labor force participation.
3. Effect of Water Availability on Growth
Apart from agriculture, most of the California growth-generating
activities do not appear very water sensitive. That is, the cost of
water would have to be much higher than it is likely to be to affect
location decisions. For most industries, then, the major question
is not whether water will be obtained to permit growth, but where it
will be obtained and on what terms.' However, in some local sit-
uations water availability, particularly with reference to its quality,
influences industry location. Proposed research on demand for water
will illuminate those activities that are affected by water avail-
ability.
B. The Demand for Water by User Groups
The foregoing discussion concerned some of the shifters of water
demand, namely, population and major water-using activities. Re-
search is needed on other shifters and on effects of water charges on
use, leading to a comprehensive understanding of water demand.
Although views diverge on what the role of charges should be in
water policy, they affect some uses very importantly. Better knowl-
edge of response can improve the factual basis for reaching pricing
and allocation decisions. Later parts of this paper will explicitly
point out the usefulness of the results of water demand studies.
The dissolved chemicals, colloids, and organic and inorganic ma-
terials in water are responsible for a broadening of the concept of
water demand. Most remarks about this broadened concept need
to know the response of water quantity used tocharges per gallon to
predict and to make quantity pricing and allocation decisions apply
5. There is need for historical analysis and for analyses for underdeveloped
countries of situations where-in contrast to present-day conditions for the state of
California-water is a more crucial determinant of non-agricultural location decisions.
OCT'OBER, 1965]
NATURAL RESOURCES JOURNAL
equally to quality. Knowledge of quality tolerance, including esti-
mates of amounts users will pay for water of a given quality, is less
adequate than for water quantities. The expanding discussion of
water re-use and treatment is a reminder of growing demand for
water as a medium of waste disposal and of closer crowding of
water users along rivers.6
The attempt to specify "demand for water" should be an attempt
to understand influences on a vector containing four types of mag-
nitudes. Each user takes a quantity of water of some quality and may
return a different quantity of changed quality. The ratio of quantity
taken to quantity returned is often but not always, fixed, so there can
be significant variation in all four magnitudes: quantity taken,
quality taken, quantity returned, quality returned. 7
A diversion of research effort according to user groups is appro-
priate in analyzing water demand. Each user group to be discussed
below has unique considerations related to shifters and responses
to charges, requiring attention from different academic fields.
1. Nonsensitive Users
Residential users are nonsensitive in the sense mentioned in the
preceding section, namely, substantially higher charges would be re-
quired before water charges would have much effect on residence
location choices. But it should be emphasized that residential de-
mand has substantial response of quantity to charge for water
taken. Only at charges severalfold higher than observed in the
United States would there cease to be much response as necessity
levels were approached.
Also needed are more time series and cross section studies that
infer response of users in a given locality to different water rates.
Previous studies have compared per capita water use among mu-
nicipalities having different water charges." These studies attribute
the differences in per capita use to the difference in charges. Refine-
ments are needed to take account of different weightings of user
6. S. Ciriacy-Wantrup, Water Quality, .4 Problem for the Economist, 43 J. Farm
Econ. 1133 (1961) ; A. Kneese, Water Pollution-Economic Aspects and Research
Needs (Resources for the Future, Inc. 1962) ; Report of the Select Comm. on National
Water Resources, S. Rep. No. 29, 87th Cong., 1st Sess. (1961).
7. The demand for water, like the demand for other things, is demand at a place
and time-with seasonality sometimes especially important for water. Place and time
technicalities are not of prime concern in the present discussion.
8. J. Hirshleifer, J. DeHaven & J. Milliman, Water Supply, Economics, Technology
and Policy (Univ. of Chicago 1960).
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groups among municipalities and effects of variables, other than
price, on water use. Some municipalities have a large proportion
of apartment dwellers, who use less water than suburban families
with lawns and swimming pools. Other shifter variables are income
and climate.
Residential demand is inelastic with respect to health-affecting
quality characteristics of water, but there would be considerable
response to charges connected with quality characteristics affecting
only taste. In the absence of incentives, residential use takes in high.
quality water and discharges it at very low quality with respect to
biochemical oxygen demand (BOD). If water of higher quality
would be useful downstream, one can visualize theoretically charges
to residential users for emptying effluents of varying quality-the
charges inducing users to alter quantities and to pay for treatment
to avoid the charges. Following this reasoning would lead to criteria
for planning treatment facilities and, possibly to criteria for setting
residential user charges. The optimum degree of treatment will vary
from place to place depending on downstream demand. Deep empir-
ical investigation of these classical "Pigovian" upstream-downstream
situations remain to be undertaken.
Some industries that use exceptionally large amounts of water
may be water-sensitive, but most businesses and industrial estab-
lishments are like residential users because location does not tend
to be affected by water availability, though users at a given location
may vary amounts in response to charges. The discussion of popula-
tion and economic activity shifters in the preceding section, and the
discussion of price response and interrelations for residential users
apply to the non-water-sensitive industries.
2. Public Recreation Use
It has become commonplace that demand for recreation uses of
water is shifting ahead rapidly. Many uses, such as lakes for boat-
ing, require relatively large amounts of water of high quality if
there is to be recreation use at all. But the recreation use alters
quantity and quality very little. Not much is known about the re-
sponse to prices for recreational access to water quantity and quality.
In view of leisure-time alternatives, the demand appears certain
to become price-elastic at higher prices. Knowledge about price re-
sponse in lower price ranges would help in evaluating recreation
benefits. Research on recreation demands will be discussed later in
connection with project appraisal.
OCTOBER, 1965]
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3. Agriculture
Agriculture, like recreation, is so water-sensitive that at high
charges none will be used-resort then being had to dryland agricul-
ture or to no agriculture at all. Through seepage there are return
flows with changed quality depending on soil through which the
water has passed. Demand is probably fairly inelastic with respect
to quality until such high charges for quality are reached that pro-
duction is made unprofitable.
If water price is lowered, saturation amounts are reached beyond
which-even at zero water charge-no more water is used. Between
the point of no use and saturation there is a fairly smooth schedule
depicting how acre-feet increase toward the saturation point as water
charge per acre-foot is lowered. The slope of the schedule is deter-
mined by possibilities of varying the number of crops per year from
a given field, varying proportion of land irrigated, varying propor-
tions of crops of different water-using characteristics, and shifting
entirely out of water-intensive crops to less water-intensive crops as
water charge rises.9
Differing soil, temperature, rainfall, and markets make it desir-
able to estimate agricultural demand for water separately for areas.
Analyses of profitable adjustments to different water charges draw-
ing on farm budgeting or programming techniques can be useful.
Consideration of effects of water charges on use appears especially
desirable in planning new agricultural projects because of higher
costs encountered in developing new water supplies.
4. Other Sensitive Industries
Paper and pulp production take in large quantities of high quality
and discharge it in a very low quality state. Textile demands are
similar, but the quality of effluent from the production process is
not so low. For these industries, both the intake and outflow can
be treated to varying degrees, depending on cost, and there may also
be possibilities for changing the water quantities. Steam generation,
with large demands for low quality water and creating primarily a
9. J. Dawson, Productivity of Water in Algriculture, 39 J. Farm Econ. 1244 (1957);
L. Hartman & R. Anderson, Estimating the Value of Irrigation Water from Sales Data
in North-Eastern Colorado, 44 J. Farm Econ. 207 (1962); C. Moore & T. Hedges,
Economics of On-Farm Irrigation Water Availability and Costs, and Related Farm
Adjustments, Reports 1-4 (Giannini Foundation of Agricultural Economics 1962-1963) ;
v. Ruttan, The Impact of Irrigation on Farm Output in California, 31 Hilgardia 69
(1961).
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temperature effect on effluent, can reduce quantity intake dramatic-
ally through recycling if there are incentives.0
For these water-sensitive industries, water technology is subject
to rapid change with methods developable in response to incentives.
The fact that technology should not be considered as a known ele-
ment heightens the challenge of analyzing water demand and sug-
gests that economists will need to work closely with engineers and
physical scientists.
C. Four Studies Focusing on Supply
The following listing proceeds from the more fundamental to
the applied. The applied studies pertain to specific problems and
would draw on fundamental analyses pertaining to demand, project
appraisal, law and policy discussed at other points in this paper.
1. Economics of Emerging Technologies
It is recognized widely that technological developments that
would make a potential method of supplying water competitive with
present methods could entirely change the water planning environ-
ment. Sea water reclamation is most discussed. Progress in reducing
the cost, still high, is being watched, with relatively less attention
being given to secondary systems using salt water for lower quality
uses. Treatment of brackish water and fuller treatment of sewage
are potentials to meet some demands. Changes in pumping costs
have been, and will probably continue to be, partly responsible for
the increasing withdrawals from ground water. The suggestion is
often heard that more water could be made available by reducing
transmission losses-estimated as second only to agriculture as a
taker of water equalling twice the total household use in California."
More than cursory cost calculations are needed in comparing the
alternatives. Trends in cost items need to be studied as do cost con-
sequences of technological breakthroughs and the likelihood of their
occurrence. A relatively small research project with these concerns,
drawing on the extensive existing physical research, could sys-
tematize knowledge concerning likely future costs and provide a
basis for more than random conjecture, often relied on now.
10. See P. Cootner, A Model for the Estimation of Water Demand for Stream
Electric Generation (Resources for the Future, Inc.) (draft).
11. Lofting & McGauhey, op. cit. supra note 4. For a further discussion of alter-
native technologies, see E. Ackerman & G. Lbf, Technology in American Water De-
velopment (Johns Hopkins Press 1959).
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2. Groundwater
Groundwater sometimes serves as a replenishing supply source,
sometimes as a source mined in face of growth while new sources
are developed, and sometimes as nature-given storage for offsetting
variations in surface supplies.
There have been conceptual analyses of groundwater use on
optimization in face of the common pool problem and of legal and
organizational problems; and there have been case studies for par-
ticular basins.12 Would it not now be desirable to carry out a com-
prehensive survey of possibilities for allocations aimed at best
utilization of groundwater? The research might abstract from prob-
lems about how to achieve the allocations, the aim being to ascer-
tain the gains from overcoming barriers to the allocations. In addi-
tion to within-basin coordination of ground and surface supplies,
possibilities for wider geographic coordination would be considered
with central concern for temporal allocation.
Experience in the Los Angeles area exemplifies (a) that laws and
organizations can respond impressively to incentives for taking ac-
count of the relationship of groundwater supply to total supply,
but (b) that the response may be slow. A need is to estimate the
gains from faster response. Another study might ask: Are the po-
tential returns from using initial Feather River water to restore
depleted underground sources in southern California? Studies are
needed of the costs and returns of programs for groundwater with-
drawals during runs of dry years and replenishment during wet
years.
3. Water Sources for California After Feather River
By present indication, demand growth will bring pressures for
further development of surface supplies after water from the
12. E. Castle & K. Linderborg, The Economics of Ground Water Allocation: A
Case Study, 42 J. Farm Econ. 150 (1960) ; R. Leonard, Integrated Management of
Ground and Surface Water in Relation to Water Importation: The Experience of
Los Angeles County (Ph.D. Thesis, Univ. of Calif. 1963) ; E. Renshaw, The Manage-
ment of Ground Water Reservjoirs, 45 J. Farm Econ. 285 (1963) ; S. Smith, The Public
District in Integrating Ground and Surface Water Management: A Case Study in
Santa Clara County (Rep. No. 252, Giannini Foundation of Agricultural Economics
Research 1962) ; H. Snyder, Economic Implications and Appraisal of the Court
Reference Procedure for Allocating Ground Water, in Water Resources and Economic
Development of the West: Ground Water Economics and the Law (Rep. No. 5, Pro-
ceedings of the Comm. on the Economics of Water Resources Development, Univ. of
Calif. 1956) ; H. Snyder, Ground Water in California, The Experience of Antelope
Valley (Giannini Foundation Water Studies No. 2, 1955).
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Feather River is fully utilized. Possibilities are chiefly to the north
and include the Eel, Trinity, and Columbia Rivers.
Two types of studies may be appropriate. The first would be
based on rough cost figures and would lay out the broad features of
alternatives considering how plans might be affected by uncertainties
about water demand, contractual and legal issues, and technolog-
ical factors. Interdependencies affecting phasing of subprojects
would be studied. The result would be emergence of several different
lines of future development, for which specific planning would be
needed. Plans have already been laid out to provide supplies well
into the twenty-first century.'3 These provide a starting point and
invite inquiry about how future events could alter desired plans, as
one way of initiating the research.
The second type of study would concern the specifics of each
major plan. 4 Guides for both types of studies might be:
( 1) The research should try to find not one optimum, but several.
To the uncertainties already mentioned should be added variation
to allow for alternative goals. State income goals as well as national
income goals should be considered. Constraints connected with as-
suring supplies of water to particular areas or industries should be
considered. Virtually everyone agrees that more study has been help-
ful in advance of the Feather River project, but the usefulness of
advance planning would have been restricted if all effort had been
put into one plan that did not happen to be the one materializing.
(2) Emphasis should be on comprehensive planning, actually
taking account of all available water supplies. Ways should be con-
sidered of coordinating use of groundwater with overall water use
and storage plans, drawing on the research on groundwater already
discussed.
4. Quality in the Sacramento River
The Sacramento River is becoming a key in major water uses dis-
tant from the river's locale. The Sacramento must supply and trans-
port water to the San Francisco Bay area and-via the delta-to the
San Joaquin Valley and further south to the Metropolitan Water
13. Cal. Dep't of Water Resources, Water Today and Tomorrow (1959).
14. E. Castle, Programming Structures in Watershed Development, in Economics
of Watershed Planning 167 (Iowa State Univ. 1961) ; A. Maass et al., Design of Water
Resources Systems (Harvard Univ. 1962) ; G. Tolley & V. Hastings, Optimal Water
Allocation: The North Platte River, 74 Q. J. Econ. 279 (1960).
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District. Quality problems, increasing with intensity of use, are com-
plicated by sea water intrusion in the delta area."5
Quality will almost surely be kept up, but what alterations in use
will be made, and who will pay treatment costs-in view of the fact
that many beneficiaries will be miles downstream and in other river
basins?
Research could seek alternative solutions, bringing together en-
gineering, economics, law, and political science for the task. Esti-
mates are needed concerning how future developments may affect
demands for uses and for treatment to maintain quality. The in-
cidence of alternative ways of maintaining quality should be in-
vestigated.
III
PROJ ECT APPRAISAL
J. Primary Benefits
The benefits from flood control, irrigation, and power can be
estimated better than ever before, for the most part relying directly
or indirectly on market indicators of benefit. For this, thanks are
due to efforts of economists over a number of years. Demand for
outputs whose benefits are more difficult to measure is growing
rapidly and may be the ones that deserve attention. In practice, the
way these benefits are estimated affects project justification, plan-
ning, and financing."6
1. Planning in View of Water Demand
Demand-for-water analysis discussed in Part II gives indicators
of primary benefits from different project purposes, throwing light
on values of adding increments of different uses to a project. Knowl-
edge about water demand can therefore be used in deciding the mix
of project outputs. If there are objectives other than the primary
benefits, these further objectives would have to be introduced. But
the point is that the primary benefits-as indicated by the demand
15. W. Warne, California Pioneers New Water Development Concepts, 2 Natural
Resources J. 248 (1962).
16. M. Brewer, Incorporating Recreational Values into Benefit-Cost Analysis, in
Western Farm Econ. Ass'n Proceedings 22 (1962) ; Ciriacy-Wantrup & Smith (eds.),
Economics of California's Water Development (Proceedings of the Comm. on Water
Resources Research, Univ. of Calif. 1958) ; S. Ciriacy-Wantrup, Resource Conserva-
tion: Economics and Policies (rev. ed., Univ. of Calif. 1963); J. Krutilla & 0. Eckstein,
Multiple Purpose River Development (Johns Hopkins Press 1958).
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for water-remain an important core of the project objectives. Re-
gardless of how the final project plan is reached, demand-for-water
analysis provides a basis for estimating future utilization levels
needed to arrive at benefit-cost ratio. The demand-for-water analysis
should also be used in estimating value to beneficiaries for purposes
of financing.
To guard against the possibility that much effort will be expended
estimating demand for water, but that results will not be fully used
in actual planning, a possibility is to have planning now for a project
likely to be constructed in fifteen to twenty years. The aim would
be to make methodological advances in project planning through
work on an actual situation. This might be a joint effort between
project planners of government agencies and university researchers.
2. Recreation and Other Benefits Lacking Good Market
Indicators
Recreation on lakes figures in projects being built by the state and
exemplifies benefits that lack good market indicators. The Hotelling-
Clawson method based on the proportion of population willing to
bear costs of travel from various distances provides an approach
for estimating benefits, and the Trice-Wood simplification based on
this approach has been used in California.
A number of analytical challenges remain. First, if the visitors to
an attraction all come from one place-as may happen near a
population center-then in effect only one point on the demand
schedule for the attraction can be estimated. Second, those visitors
willing to bear great costs to visit a lake are few, but they are high-
value visitors and can greatly affect the estimate of total benefits.
Should they be ignored as Trice-Wood does, or should they be
counted? The visitors could be in the area for reasons other than
to visit the attraction. Furthermore, while empirically-estimated
demand schedules for most commodities are consistent with the
possibility that tastes are similar among persons, the differential
proportions of persons coming from various distances to an attrac-
tion may imply taste differences among people leading to differences
in their demand to visit the attraction. To place reliance on the
few visitors willing to come a long way can be valuing the special
tastes of a minority of the population. Third, one can argue that
17. M. Clawson, Methods of Measuring the Demand for the Value of Outdoor
Recreation (Resources for the Future, Inc. 1959); L. Lerner, Quantitativse Indices of
Recreational Values, in Western Farm Econ. Ass'n Proceedings 12 (1962).
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benefit estimation should allow for the possibility of constructing
alternative facilities. Even though these alternatives might be im-
perfect substitutes, consumers might prefer the alternatives at very
high costs of the facility in question."8 Fourth, because the recrea-
tion output changes in quality with intensity of use of a facility,
methods are needed for estimating effects on value per visit and
on numbers of people wishing to visit a facility under varying con-
ditions of crowding. Fifth, a method is needed of quantifying social
values from encouraging outdoor recreation, to be added to the
private values estimated by the demand schedule approach. Sixth,
recreational attractions for which charges are low or nothing imply
that the users are more greatly direct beneficiaries than is the case
for marketed outputs. For most marketed outputs, the benefits tend
to be split largely between producers and taxpayers, with users
less directly benefitted. Thus, there are unique distributional con-
siderations in project appraisal having to do with recreation.
Seventh, less esoteric but not less important than the foregoing,
recreation benefits depend on future utilization of facilities which
can be projected only with difficulty. The rapid expansion recently
experienced has the feel of a take-off whose ultimate path is not
clear. The path will be influenced by leisure time and the number of
paid vacations. A worthy undertaking is to improve predictions of
the latter two variables.
3. Irreversibilities
Concern with timing underlies much of the main analytical justi-
fication for public programs for natural resources, as exemplified in
classis analyses of conservation.' An implication is that net bene-
fits may be affected by date of project initiation, leading to irrever-
sibilities in decision-making.
Irreversibilities in natural resources planning are of at least three
kinds. First, stock resources may be used to the point where re-
plenishing them becomes very expensive. Drawing down of ground-
water resulting in sea water is an example. Uncertainty considera-
tions are paramount, because the unforeseeable future may raise
the demand for resources. Maximizing expected utility, as one of
18. G. Tolley & C. Harrell, Extensions of Benefit-Cost Analysis, 52 Am. Econ. Rev.
459 (1962).
19. Ciriacy-Wantrup, Resource Conservation: Economics and Policies, op. cit. supra
note 16.
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several possible approaches, could lead to decisions to undertake
conservation investments in view of the probability of future de-
mands emerging, even though the probability appears low at the
time of the investment.
A second way in which irreversibilities influence planning is in
phasing related projects. Here again uncertainty about demands
must be considered, which leads to a need for maintaining flexibility.
Such increasing awareness as there is of timing in practical planning
stems mainly from the increasing importance of this second type of
irreversibility. Most early projects had little interrelation with one
another. Now, with more pressure of demand against supplies and
with transport of water over greater distances, coordinating of
projects-each to meet part of a growing demand-has to figure
in planning. See, for example, the discussion earlier in this paper
of water sources after Feather River.
For situations where demands are changing over time with sup-
plies possibly interrelated, there is a third type of irreversibility
related to the spatial distribution of economic activities. As an
example, consider the decision whether to reserve land for recrea-
tion around a reservoir where congestion is increasing. If the land
is reserved for recreational use before it passes into other high-value
urban uses, costs are likely to be lower in relation to the benefits than
after other urban uses may have come in. As congestion increases,
recreation benefits will rise due to increases in recreation demand.
But costs are likely to rise more than benefits due to increasing
acquisition prices of the land, reflecting the value of alternative uses
at time of acquisition.
Visualize calculating the benefits and costs alternatively by start-
ing the project in each successive year-now, next year, the year
after that, and so forth. For each possible starting year, make a
separate estimate of net benefits (benefits minus costs). Convert
the different net benefit estimates to comparable dollars by discount-
ing to one time point, say, the present. The optimal year to start
the project is the starting year for which these common-time-point
calculations show net benefits to be greatest.
The reservoir example implies that the net benefits for alternative
starting years are likely to decline as the startipg year becomes more
distant. Because different starting years represent mutually exclu-
sive alternatives, there is a presumption that income will be per-
manently lower the further away from the optimal year one
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contemplates starting the project. 20 The irreversibility has been
illustrated: the gains from earlier initiation of the project are lost
forever as time passes.
Two considerations not yet mentioned increase the practical
importance of the example. First, if the starting year of the recrea-
tion project were after construction of buildings had taken place,
the project costs would include-in addition to the land acquisition
prices already discussed-costs of dismantling buildings and paying
for the services of their remaining useful life. During urbanization,
building values would undoubtedly increase as the number of build-
ings continued to grow.2'
Second, even if the net primary benefits-considered thus far-
did not become negative with the passage of time, the secondary
costs of the project would be likely to increase through time, making
it less and less likely that the project would be undertaken. Geo-
graphically concentrated and progressively higher value activities
would be displaced from the land with delay in starting the project.
The displacement would be a high secondary cost in the area around
the reservoir accruing to local interests; it would have considerable
weight in the policy-making process.
20. If choice of the common time point does not affect the discount rates appropriate
for discounting between years, then any time point chosen will give the same ranking
of net benefits. If we have the net benefits from starting the project in alternative
years valued as of one point in time and wish to compare them as of another point,
each net benefit would be multiplied by the same factor appropriate to discounting
between the two time points. Relative comparisons of the net benefits would not be
affected.
Preference changes through time might mean that at one point in time the discount
factor between years could be different from discount factor between the same set
of years used at another point in time. For example, the project may not be started
at all if people in year 0 place no value on dollars received after year 25 and if land
values around the reservoir are already so high that in year 0 present value of net
benefits is negative. In year 25, people will place substantially higher than zero values
on benefits subsequent to year 25. If they could run history over using their set of
discount rates instead of the discount rates of the people at year 0, the benefits would
be raised relative to the costs. It might then appear optimal to have started the project
in year 0.
The complex effects of a changing preference function through time are not con-
sidered here. The possibility of preference changes increases the need for concern with
irreversibilities.
21. If there were only one building, the payment for remaining useful life would
decline through time; this would tend to reduce project costs through time, but in most
cases the consideration is not important because there would be many buildings, not just
one. As old buildings wore out, new ones would be constructed so that remaining
useful life of the totality of buildings might not decline even with a stable number of
buildings. Realistically, it appears that during urban growth, buildings on the land
would reinforce the tendency for the net benefits to decline as the starting year of
the project was delayed.
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Irreversibility examples related to pollution are illustrated by
the historical development of a water quality pattern along a
river. A few polluters, lacking incentives to take account of their
effects on potential downstream users, establish water use with
quality effects that preclude further industrial growth. Before the
polluters establish themselves, the pattern appears to have negative
net benefits if effects on potential downstream users are included in
the costs. But once the polluters are there, irreversibility considera-
tions are in play. Land values rise around the polluters; buildings
with valuable remaining life would have to be destroyed to change
the pattern; and after the pattern is established local secondary
costs militate against undoing it.
Case situations of municipal growth, perhaps in areas where
development is just beginning, may be suitable for empirical re-
search. Dated benefit-cost calculations would be made for major
planning decisions. Properly, many appeals for advance planning
are heard. The suggested research would attempt to discover how, in
quantitative terms, the gains vary for different kinds of projects and
to discover if there are crucial stages in growth beyond which delay
leads to particularly large losses.
B. Estimating a Wider Range of Effects
Primary net benefits would be almost the sole concern if con-
tributing to real national income were the exclusive goal of projects.
The staying power of secondary benefits as a concern is evidence
that other objectives are also relevant to decision-making. Apart
from project appraisal, there is need for information on geo-
graphical impacts for planning of local activities affected by a
project. A contribution can be to estimate incidence in the belief
that more complete knowledge is likely to lead to better decisions.
Aggregated secondary benefits are an imperfect summary of a
project's local effects. Is it not desirable to consider:
(1) Effects on income and economic structure for subareas of
California and for California as a whole;
(2) Effects on tax bases for governments of all levels;
(3) Identification of recipients of project brenefits; primary and
secondary, and their position in size distribution of income; and
(4) Identification of payers and those adversely affected includ-
ing position in the size distribution of income.
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The research discussed in Part II of this paper provides back-
ground analysis helpful in estimating some of these effects, but
further down this list the ground becomes newer if one contem-
plates doing the job thoroughly. Estimating the wider range of
effects could be a part of the pilot project planning effort suggested
earlier.
C. Federal Projects and State Projects
If asked to specify what the ideal roles of federal and state
government should be in water resource development, one might
answer that, first, both should use the same criteria in project ob-
jectives that coincide with national goals and, second, state projects
might recognize some goals not recognized by federal projects.
How perplexing, then, to find different interest rates being used
and to find that federal projects count secondary benefits and largely
support water-dependent activities such as agriculture-while the
state does not count secondary benefits and operates projects to
more nearly repay full costs out of project operation, suggesting
that a substantial net contribution to income of the nation is being
made. This illustrates the challenge in making useful suggestions
about government functions.
1. Truing Up Planning Procedures
A first research job is to find out how the use of conflicting interest
rates and other differences in planning affect project size and out-
put mix. Planning differences not very important to net benefits
would then be ignored, while attempts would be made to reconcile
differences having large effects.
2. Goal Analysis
A study could be initiated of the relation between national in-
come goals and state goals in developing water resources. In the
pursuit of net benefits, the goals may largely coincide. With regard
to secondary benefits, goals can conflict. Benefit-cost analysis gives
a well-developed framework for estimating how to pursue national
income goals. But suppose one set out to maximize growth of Cali-
fornia independent of national income goals; more exploration is
needed to indicate how to proceed.
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IV
ECONOMICS OF CONTRACTS AND LAW
A. Outlook in View of Unsettled Court Issues
The 1963 Supreme Court decision 22 already mentioned is only
one example of a long-awaited decision. It implies a greater demand
for development of alternative water supplies and at least comes
early enough to plan for the development. Other matters remain
unsettled, and still other legal sources of uncertainty will emerge.
For unsettled matters, consequences of alternative outcomes need
to be studied with attention to timing of court action and likelihood
of oucome.
1. Areas-of-Origin
The lingering riparian idea in the requirement that water trans-
fers out of an area shall not impede local growth could mean that
eventually southern California users could have availability of water
from northern sections cut down. For Feather River water in
connection with the Oroville Dam, this eventuality is unlikely be-
cause of the dam's proximity to the rugged mountains. It is, how-
ever, a consideration for contemplated newer sources nearer the
coast.
How would enforcement affect needs and best plans for develop-
ing supplies? Would the courts uphold enforcement if transfers to
the south had been going on for many, many years? What can be
expected in the way of tests?
2. Basis of State Law Relative to the United States
The fact that court decisions and legislation continue to change
water rights procedures reflects response of laws to changing prob-
lems. Of concern, now, perhaps more because of potentialities than
immediate effects, is conformance of federal government activities
to state water laws. Legislation has been discussed that would re-
quire federal government conformance.
Issues include whether the federal government owns water rights
appurtenant to federal lands; whether in the acquisition of water
rights, e.g., for navigation, the federal government will conform
to local law; and what redress affected users have in view of the
22. Arizona v. California, 373 U.S. 546 (1963).
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immunity of the United States government to being sued. It would
be desirable to assess the importance to particular areas of federal
attempts to exercise disputed rights.
B. Pricing and Cost Allocation
Pricing and cost allocation, which affect product mix from projects
and incidence of project effects, are decided in the context of prec-
edents that partly but seldom completely delimit the scope for con-
templating alternatives. Their relation to marginal resource use
conditions and to income distribution has been explored in previous
studies, some concerned with particular projects. 23
1. Substituting Between Objectives
Suppose a project was designed that considered only real na-
tional income objectives, as reflected in marginal resource conditions.
From this starting point, one can conceive of varying prices of one
or more of the outputs. Project net benefits and effects on incomes
of affected groups would be estimated under alternative prices.
Then, for instance, if at lower water charges, the project still made a
net contribution to national income and had more desirable in-
come distribution effects, the choice to have lower charges might be
made. This procedure could be especially relevant for the agricul-
tural use of water. Are not decisions likely to be improved if there
is knowledge of how much is given up in terms of one objective to
attain another objective! and of intermediate points where neither
price nor reimbursement objective is pursued to the complete ex-
clusion of the other?
2. Ex Ante Studies of Reimbursement
In California, the governor's decision that similar water prices
should be charged to users in the same area presumably may now be
taken as a given element in considering pricing alternatives for
further state project supplies. The possibility of federal projects
repaying irrigation costs without interest enables lower irrigation
water prices for federal projects and may thus influence the federal-
state division of labor. The non-reimbursability of flood control and
23. M. Brewer, Public Pricing of Natural Resources, 44 J. Farm Econ. 35 (1962)
G. Brown, Distribution of Benefits and Costs from Water Development: A Case Study
of the San Joaquin Valley-Southern California Aqueduct (Ph.D. Thesis, Univ. of
Calif. 1963).
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recreation costs is well established and makes the estimating of
their benefits important to financing other purposes in view of exist-
ing cost allocation procedures.
Despite these apparent fixities, for some time many prices will
remain to be decided. There is a variety of possibilities in devising
repayment contracts as between fixed repayments independent of
water use and charges for water. There are different means of
financing through taxation of local secondary beneficiaries. Which
purposes shall be reimbursable and which shall not is by now almost
a matter of custom, analogous to taxes. In terms of welfare eco-
nomics, optimum taxes can be recommended. Similar guides to
project reimbursement procedures have been developed. Mean-
while, in practice, we tend to reimburse like we tax: "however we
can." Changes in reimbursement, like changes in taxes, will come
piecemeal. Researchers can be of service by approaching reimburse-
ment in this spirit.
First, there might be conceptual studies of particular pricing and
cost allocation problems, e.g., pricing for water delivered to agri-
culture, or rationalizing water prices in view of transferability of
water throughout the state. Second, implications of the conceptual
studies for the state and sub-areas could be estimated. Third, the
implications of alternative procedures could be estimated for the
pilot water project suggested earlier.
C. Economic Effects of Legal Procedures
Experience indicates that the law has been responsive to chang-
ing water demands, and progress has been made in developing
criteria to increase responsiveness. 2 4
"If only water were made saleable like other factors of produc-
tion" is a common reaction among economists. One of the goals of
water law procedures can be, in some cases, to make water more
saleable, and in other cases to make nonmarket methods of alloca-
tion approximate what would happen under a market procedure. If
one accepts this goal as even partly relevant, several problems
are encountered: (a) procedures for untoward events are compli-
24. M. Brewer, Local Government Assessment: Its Impact on Land and Water Use,
37 Land Econ. 207 (1961) ; S. Ciriacy-Wantrup, Conceptual Problems in Projecting the
Demand for Land and Water, in Modern Land Policy 42 (Univ. of Ill. 1960) ; S.
Ciriacy-Wantrup, Concepts Used as Economic Criteria for a System of Water Rights,
32 Land Econ. 295 (1956) ; S. Smith, Rural-Urban Competition for Water: Laws and
Institutions in the Economics of Water Allocation, 42 J. Farm Econ. 1345 (1960).
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cated because of interrelations among users; (b) water supplies are
variable through time-allocation difficulties plague even the sim-
plest of commodities if their supplies are highly variable over time;
(c) interrelations among users, considering both quantity and
quality effects, lead to cases where market incentives should be
modified to achieve maximum economic product (well-known cases
already discussed in this paper pertain to downstream quality effects
and the common pool problem), and (d) at any moment changes
are considered from a pattern of use and from a system of living
law based on gradually changing precedents.
Current developments are increasing possibilities for allocations
more nearly like those for other factors of production. In fact water
is increasingly being bought and sold through contracts. Districts
and other government units are more and more involved in water
allocations. Allocations can increasingly be made, eliminating delays
and rigidities in the court route, by decision-makers who, unlike
local parties, take account of far-reaching interrelations among
water users. Finally, the investments for transporting water over
longer distances with long-term above- and below-ground storage
make it possible to more nearly equalize marginal value of water
in alternative uses. Availability of water from outside a locality
decreases the severity of consequences of untoward events, of con-
flicts among local users, and of yearly variability in local supplies.
The effects are similar to what happens to separated production
areas of any kind when a railroad or highway system greatly de-
creases transportation costs, thus turning isolated markets into an
interconnected system. Research can try to make the most of these
developments to achieve allocations that reflect changing water
demands.
1. Nonprice Provisions of Contracts
Contracts are potentially more flexible than nontransferable
water rights, but a contract is like a right if all conditions are set
in perpetuity when the contract is dr*awn. Both buyer and seller want
as much certainty as possible, but both have motives to be able to
change commitments in case the future should turn out differently
than expected. A research project could estimate effects of alter-
native contract forms and develop contract criteria.
Questions concern what period of time contracts should cover,
provision for renegotiation and renewal, and recourse in event of
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nonfulfillment of terms by either party. Risk-sharing provisions
should be explored whereby both buyer and seller would bear wind-
falls. Water quality provisions need consideration. Theory con-
cerned with decision-making under uncertainty, extending to game
theory, exists for application to these questions.
2. Model Laws
Needs to further develop criteria for water law and to estimate
effects of possible alterations in law suggest a continuing series of
related studies emphasizing interrelations of different parts of water
law and considering how applications are likely to work out in prac-
tice. Studies might be done as part of graduate training aimed at
reducing scarcity of personnel in this field-drawing on both law
and economics. The range of subjects is wide: ways to make rights
more transferable, acreage limitation provisions, easements, eminent
domain, zoning, natural resources taxation provisions, legal and
contractual problems in achieving more optimal integration of
ground and surface supplies, and examination of laws of other
nations and states-especially their recent innovations.
D. Completing and Operating the Feather River Project
More immediate problems than the ones just discussed may per-
manently influence agriculture and affect stock of total water sup-
plies in the state on completion of the present state project.
1. San Joaquin Agriculture
At this writing, it is not clear whether arrangements can be
worked out for farmers in the San Joaquin Valley to receive Feather
River water, in view of the fact that prices to be charged at that dis-
tance are high relative to productivity of water in agriculture.
Among the alternatives, the Bureau of Reclamation could develop
a project that, considering the zero federal interest requirement for
irrigation, might enable a sufficiently low water price to be attrac-
tive to agricultural users. A subsidy from special fund sources from
the state has been discussed as a way of enabling the farmers to pur-
chase Feather River water. The possibility of paying for water by
taxing secondary beneficiaries in the San Joaquin area has been dis-
cussed. As long as the possibilities remain open, shorter term studies
will be appropriate to estimate incidence of the alternatives.
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2. Interim Water
Inasmuch as capacity supplies will become available before cur-
rent demands have grown sufficiently to take all the supply, the
state will have excess water to sell in the coming few'years. In con-
trast to commitments of long-term supplies, this water can be sold
essentially at variable cost. It would find agricultural demand at
these prices, and there is discussion of using it to recharge ground-
water basins. Consideration of best use of interim supplies, drawing
on results of groundwater studies and viewed against realistic pos-
sibilities for contracting, could contribute to the state government
program for early full use.
V
WATER DECISION-MAKING PROCESSES
A. Background Policy Analysis
The evolution of the law occurring in the context of a broader
set of organizational changes was discussed in Part IV. These
changes are largely responses to demand-supply problems for water.
The use of contracts and the increasing importance of relations be-
tween larger governmental and quasi-governmental units have al-
ready been mentioned. Suggestions to gain understandings of other
current changes that will help in preparing for the future are made
below.
1. Economic Effect of Institutional Trends
Like the law, challenges are to ascertain how organizations func-
tion in practice and to estimate the importance of the effects of the
manner in which they function. These challenges are illustrated by
the trend toward arrangements that leave decision-making increas-
ingly subject to influence by administrative discretion. Revisions
in water laws in some states are having this effect. As another
example, one part of the action of the United States Supreme Court
in the California-Arizona case25 was to give authority to the Secre-
tary of the Interior to allocate water among users in short years.
Whether the tendency will make water decisions more or less
responsive to water demand and supply is a question for study.
Agencies will be influenced by considerations of primary benefits,
25. Arizona v. California, 373 U.S. 546 (1963).
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especially as external pressures for allocations felt by them are
likely to have a relation to the value of the water in alternative
uses. Moreover, for the present at least, the issuing of permits on
the basis of first-come, first-served probably tends to get water into
highest value uses. Pressures from secondary beneficiaries poten-
tially could be felt as well as from the primary beneficiaries. If
pressures from the two types of beneficiaries are proportional, the
secondary beneficiaries do not change the pressure pattern. To the
extent that pressures come from those who might suffer sharp capital
losses, they will ensure taking account of distributional considera-
tions which many observers would feel should be heeded. Pressures
for secondary capital gains are often in the direction of more un-
equal income distribution. This will be especially important if the
gains come at the expense of a sum of small losses spread over a
number of people who, due to the smallness of loss, neither care
nor are sufficiently aware to bring counter-pressure. in the presence
of all these considerations of varying importance, depending on
the situation, estimation of final effects requires study.
This discussion of administrative discretion has attempted to
illustrate the point that a contribution can be made by estimating
total income consequences and income distributional consequences
of changing arrangements. An initial undertaking might be to de-
velop methodology for this type ot inquiry through a survey of
organizational changes amenable to analysis in this way and pos-
sibly by making a few preliminary estimates of effects.26
2. Theories of Water Policy
Recently there have been attempts to construct theories of
equilibrium policies resulting from voting where the voters are as-
sumed to act in self-interest. These theories suggest the possibility of
forming and testing hypotheses about policy changes. To increase
accuracy, other considerations need to be introduced into the models.
The relevance of self-interest figured in the foregoing remarks
on effects of institutional trends and in the earlier discussion of pri-
mary and secondary beneficiaries in irreversibilities. The simplest
model is a pure constituency-interest model. When party and con-
stituency pressure conflicts, further hypotheses are needed about
which pressure acts more strongly. Determinants of long- and short-
lived coalitions need to be considered. Views of particular men,
26. I. Fox, Trends in River Basin Development (Resources for the Future, Inc.
1962).
OCTOBER, 1965]
NATURAL RESOURCES JOURNAL
independent of group pressures, can have influence. Ideologies and
abstract ideas play a role, particularly in water issues, when the
majority of those voting may have only a slight economic interest.
The appeal of the idea of conservation has undoubtedly had much
influence. Ideas often stem from precedents. The Owens Valley ex-
perience of Los Angeles in buying out agricultural water, where sec-
ondary costs led to bitterness and violence, cautions against further
use of this method.
Rigorous models of voting, based on considerations like those
mentioned, should be explored. As an application, a post mortem
on the state water bond issue might give insights to help foresee
future policy possibilities.
B. Problem-Situation Studies
The research that has been considered will provide background
to better understand what determines policy responses to changing
conditions. The following California studies can give more direct
policy aid.
1. Washington and Sacramento: The Whole Picture
Needs-brought out in Part III- for reconciling differences in
federal and state project formulation and for comparison of goals,
together with need to clarify the relationship of state to United
States law brought out in Part IV, do not exhaust problems of the
state vis-i-vis the federal government. Other problems concern (1)
administration, as for the San Luis project, and (2) financial shar-
ing, taking account of the changing participation of the federal gov-
ernment in water development in the nation at large, particularly in
recreation and pollution. A total consideration of federal govern-
ment relations concerning water might lead to possibilities for im-
provements affecting several different problems.
2. Districts
Water districts are experiencing effects of city growth and of the
increasingly complex water interrelations between areas. On the
one hand, cities are encroaching upon, and sometimes taking over,
districts with court sanction. On the other hand, there is considera-
tion of formation of super-districts. Some useful studies in this area
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have already been made. There will be continuing need to develop
and evaluate adaptations as demands faced by districts change.
3. Arrangements for Quality
Research discussed earlier, including that for the Sacramento
River, can help to indicate needed allocations and treatment in view
of quality considerations. Should there not also be study of arrange-
ments to accomplish these adjustments? The State Water Pollution
Control Board has much power on paper.28 Its dealings in prac-
tice with municipalities could be appraised and compared with ap-
proaches in other states. Can desirable organizational arrangements
be anticipated that take account of the prospective federal role,
quality interrelationships with increasing intensity of use, and the
changing technology of waste treatment? An approach could be to
project what is likely to happen under existing arrangements and
then conjecture what inducements are implied for organizational
changes.
27. S. Smith, The Rural-Urban Transfer of Water in California, 1 Natural Re-
sources J. 64 (1961).
28. Cal. Water Code §§ 13000 to 13026.
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